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The Influence of Canyon Asymmetry on Heating and 
Cooling Energy Demand of Buildings in the 
Mediterranean Climate of the Gaza Strip 
Prof. Ahmed S. Muhaisen and Eng. Nidal R. Abu Mustafa 
Abstract— This paper shows the effect of canyon asymmetry on the energy consumption of 
buildings in the Mediterranean climate of the Gaza strip. The study was conducted using three-
dimensional computer models, namely, ECOTECT and IDA ICE. The ratio of the opposite 
buildings heights ranging from 0.2 to 3.2 were examined in the study at two different orientations, 
which are (E-W) and (N-S). The results showed that the asymmetrical profiles seemed to have a 
significant influence on the thermal response of buildings. The ratio which ranges between 1.2 to 
2.0 is more preferable for both cooling and heating requirements. The received solar radiation is 
reduced by 14.02% and 55.02% in summer with increasing the buildings heights ratio at (N-S) and 
(E-W) streets respectively from 1.0 to 3.2. Asymmetrical canyon with the highest ratio provides 
the maximum energy savings throughout the year especially in the upper floors. About 29.53% of 
energy consumption can be reduced by choosing the opposite building height equal to the 
examined building height +5floor. Therefore, the study recommends to utilize the advantages of 
the different heights of buildings in achieving shading on the roof and building’s façades for the 
purpose of energy saving. 
Index Terms— Asymmetry; orientation; thermal performance; energy, Gaza strip. 
 
 
I. INTRODUCTION  
Street design can contribute efficiently toward 
both the development of a comfortable micro-
climate at street level for pedestrian and im-
provement the indoor thermal comfort espe-
cially in hot and dry climates. Thus, the opti-
mal street design leads to the most energy sav-
ings if planned in residential areas where the 
energy needs are high, Toudert [1]. Different 
studies have dealt with the asymmetry of an 
urban street design. Andersen & Sattrup [2] 
discussed the geometry and orientation aspects 
of the canyon street climate. They found that 
the geometry of urban canyons has an impact 
on total energy consumption in the range of up 
to +19% for housing. Todhunter [3], indicated 
that the street width to building height rela-
tionship and  street orientation are the most 
important considerations of urban geometry, 
therefore the shading potential of urban mass 
are the most crucial for comfort enhancement 
in hot dry climate. The importance of asym-
metrical street geometries were pointed out by 
the solar urban architecture for mitigating 
thermal stress and optimizing internal solar 
gains, Littlefair et al. [4]. Enlarging the sky 
view implied by this asymmetry also encour-
ages a faster nocturnal cooling, Arnfield [5]. 
The effects of asymmetry on thermal comfort 
in urban street canyons are investigated by 
Toudert & Mayer [6] by means of numerical 
modeling by using the three-dimensional mi-
croclimate model ENVI-met 3.0. The results 
showed that the canyon asymmetry have an 
evident effect on the heat gained by a human 
body and hence on the resulting thermal sensa-
tion. Perini & Magliocco [7] analyzed the ef-
fect of buildings height on local temperatures 
and thermal comfort on dense urban environ-
ments by means of a three-dimensional micro-
climate model, ENVI-met 3.1. The results of 
the simulations demonstrated that the height of 
buildings influences potential temperature, 
mean radiant temperature, and Predicted Mean 
Vote distribution; for most of the cases exam-
ined taller / higher buildings causes lower 
cooling load demand. It was examined also by 
Andreou [8] the effect of urban layout, street 
geometry and orientation on shading and solar 
access conditions in urban canyons in the 
Mediterranean. The results of the simulations 
along with the experimental measurements 
showed that street pattern and height of build-
ings play a crucial role in thermal comfort in 
open spaces and affect largely the energy per-
formance of buildings.  
According to the aforementioned previous 
studies and others, it is clear that the street 
geometrical configurations affect outdoor 
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thermal comfort. However, the studies do not 
sufficiently pay attention to the impact of can-
yon asymmetry on the indoor thermal condi-
tions, which may be part of the solutions to the 
problem of energy consumption. Therefore, 
this study is an attempt to find suggestions for 
improving the residential environmental de-
sign and to find out the extent to which the 
solar and thermal performances of buildings 
are affected by the canyon asymmetry. The 
study aims to find out the optimum street con-
figurations that ensure minimum use of energy 
to provide thermal comfort in buildings in the 
Mediterranean climate of Gaza. 
 
II. STUDY TOOLS AND ASSUMP-
TIONS 
Two simulation tools, namely Ecotect and IDA 
were used to carry out the investigations. The 
following are brief descriptions of the two 
computer programs: 
A  Ecotect is a software package with a unique 
approach for conceptual building design cou-
pling an intuitive 3D design interface with a 
comprehensive set of environmental perfor-
mance analysis functions and interactive in-
formation displays, Marsh [9]. Ecotect is based 
on the CIBSE steady state methods, which uses 
idealized (sinusoidal) weather and thermal re-
sponse factors (admittance, decrement factor 
and surface factor) that are based on a 24-hour 
frequency. It visualizes incident solar radiation 
on surfaces over any period and displays the 
sun’s position and path relative to the model at 
any date, Autodesk Ecotect Analysis [10].  
B  International Development Association - 
Indoor Climate and Energy program (IDA 
ICE) is a whole year detailed and dynamic 
multi-zone simulation application for the study 
of indoor climate of individual zones within a 
building as well as energy consumption of an 
entire building [11]. IDA ICE is an extension 
of the general IDA Simulation Environment. 
Weather data is supplied by weather data files, 
or is artificially created by a model for a given 
24-hour period. Consideration of wind and 
temperature driven airflow can be taken by a 
bulk air flow model [12].  
 
III. STUDY ASSUMPTIONS 
HVAC system were assumed to be fully air 
conditioned, lower band is 18.0° C and upper 
band is 26.0° C. The internal heat gain from 
occupancy, appliances and the ventilation heat 
gain were considered constant in the simula-
tion. External walls have U-values of 2.25 
W/m²*K in Ecotect and 2.24 W/m²*K in IDA 
ICE. The roof U-values are 2.35 W/m²*K in 
Ecotect and 2.35 W/m²*K in IDA ICE. Glaz-
ing U-values are 6 W/m²*K in Ecotect and 5.8 
W/m²*K in IDA ICE. These values were se-
lected according to the properties of the most 
common materials used for building construc-
tion in Gaza [13].  
 
IV. LOCATION AND CLIMATE OF 
THE GAZA STRIP 
The Gaza Strip is a narrow strip of land in the 
west-southern part of Palestine; extends along 
the Eastern Mediterranean beach. It has a total 
area of about 365 km2 [14]. It is located on 
Longitude 34° 26' East and Latitude 31° 10' 
North [13]. According to the Koppen system 
for climatic zoning, winter in the Gaza Strip 
area is rainy and mild, while summer is hot and 
dry, Kottek et al. [15]. The average number of 
yearly sunshine hours is 2863, and the sun 
shines in 300 days a year. The daily average 
solar radiation on a horizontal surface is about 
(222) W/m2.  The average daily mean tempera-
ture ranges from 25C° in summer to 13C° in 
winter. Winds speed reaches 3.9 m/s during 
summer months and 4.2 m/s in winter and 
sometimes winds blows up to 18 m/s. Also, 
relative humidity fluctuates between 65% in 
daytime and 85% at night in the summer, and 
between 60% and 80% in winter [13].  
 
V. THE FIRST CASE: 
Effect of canyon asymmetry on the Incident 
Solar Radiation 
A    The Study Parameters 
Asymmetrical urban canyon with large open-
ness to the sky were studied, see figure (1). A 
segment of the asymmetric streets (H1 ≠ H2) 
that consists of six buildings (three in each 
side) with a constant height (H1) separated by 
the street width were considered as a repre-
sentative of the whole street length. Knowing 
that H1: Height of the wall facing east over-
looking (N-S) and the wall facing south over-
looking (E-W) street, but H2: Height of the 
wall facing west overlooking (N-S) and the 
wall facing north overlooking (E-W) street. 
The setback distance between the adjacent 
buildings is taken to be 4m. The investigated 
buildings heights ratios (H2/H1) are 0.2, 0.4, 
IEC6-2016/ Ahmed S. Muhaisen and Nidal R. Abu Mustafa  
6th International Engineering Conference on Energy-Efficient Buildings | Islamic University of Gaza   30   
0.8, 1.2, 1.6, 2.0, 2.4 , 2.8 and 3.2, see figure 
(2). They were simulated at North – South and 
East – West orientations. The simulation re-
sults were expressed in terms of incident solar 
radiation on the facades of buildings overlook-
ing the street and on the street ground (in 
KWh/m2). 
Figure 1: The concept of Asymmetrical urban canyon 
parameter  
B    Results 
Figure (3), shows the effect of the buildings 
heights ratios (H2/H1) on the solar radiation 
received on façades overlooking asymmetric 
streets (H1 ≠ H2) for north-south and east-west 
oriented street axis, during the summer and 
winter months. It is clear that the incident solar 
radiation increases on façades overlooking 
asymmetric streets with (H2/H1) < 1, whereas 
decreases on façades overlooking streets with 
(H2/H1) > 1 in both summer and winter in 
comparison to incident solar radiation falling 
on façades overlooking symmetric street H/W 
= 2. Decreasing the buildings heights ratios 
from 1.0 to 0.2 in the summer period increases 
the incident solar radiation on façades over-
looking (N-S) by about 1.31%, 3.02% and 
4.0% for (H2/H1) equal to 0.8, 0.4 and 0.2 
respectively. While increasing H2/H1 ratio 
from 1.0 to 3.2 can decrease the incident solar 
radiation by about 4.01%, 6.52%, 9.68%, 
12.74%, 14.01% and 14.02% for (H2/H1) 
equal to 1.2, 1.6, 2.0, 2.4, 2.8 and 3.2 respec-
tively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The Building (2) height to building (1) 
height ratio (H2/H1) 
 
Basically, incident solar radiation decreases 
with the increase of H2/H1 ratio due to the 
increasing of shading potential because the 
sun’s rays coming laterally are blocked by the 
higher façades, thus the largest buildings 
heights ratios are the most advisable in sum-
mer, since it is protected from undesirable so-
lar radiation. In winter, the opposite is true, as 
the lowest buildings heights ratios with 
(H2/H1) < 1 would be the most recommended 
to receive maximum solar radiation when it is 
welcome.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Incident solar radiation on façades overlook-
ing (N-S) and (E-W) street as a result of canyon 
asymmetry, (A) in summer; (B) in winter by ECO-
TECT. 
IEC6-2016/ Ahmed S. Muhaisen and Nidal R. Abu Mustafa  
6th International Engineering Conference on Energy-Efficient Buildings | Islamic University of Gaza   31   
Figure (3), reveals that changing the street 
orientation from N-S to E-W in the summer 
months results in a clear impact in the solar 
radiation received on the buildings façades. 
Decreasing H2/H1 ratio from 1.0 to 0.2 for 
east-west oriented street axis can increase the 
incident solar radiation on façades by about 
18.63%, 39.5% and 42.09% for the corre-
spondent buildings heights ratios respectively. 
This is attributable to the greater openness to 
the sky of the asymmetric street which allows 
to attract and keep a higher potential of solar 
radiation access. Moreover, increasing H2/H1 
ratio from 1.0 to 3.2 can decrease the incident 
solar radiation by about 10.77%, 35.78%, 
42.65%, 48.86%, 50.89% and 55.02% for the 
correspondent buildings heights ratios respec-
tively. 
The figures show clearly that the effectiveness 
of the asymmetry is increased for (E-W) street 
orientation. This strategy helps to protect effi-
ciently building façades from undesirable solar 
radiation in the summer especially in the larger 
buildings heights ratios, at the same time en-
sured more solar access in winter. For opti-
mum performance, both in summer and winter, 
it is therefore, recommended to use an average 
buildings heights ratios ranges from 1.2 to 2.0. 
This ratio will allow an acceptable degree of 
protection from the intense solar radiation in 
summer, and in the same time, allow a reason-
able amount of solar radiation to hit the build-
ings facades in winter. 
 
On the other hand, it should be noted that the 
canyon asymmetry affects also the amount of 
incident solar radiation falling on the street 
ground. Figure (4), shows that the incident 
solar radiation received on the street horizontal 
space (ground) gradually increases on north-
south oriented street axis with the decrease of 
(H2/H1) ratio and decreases with the increase 
of (H2/H1) ratio. Decreasing H2/H1 ratio from 
1.0 to 0.2 in the summer period can increase 
the incident solar radiation on (N-S) street by 
about 59.15%, whereas increasing H2/H1 ratio 
from 1.0 to 3.2 can decrease the incident solar 
radiation by about 25.20%. In contrast, de-
creasing H2/H1 ratio from 1.0 to 0.2 for east-
west oriented street axis can increase the inci-
dent solar radiation on the street by 30.05%. 
Whereas increasing H2/H1 ratio from 1.0 to 
3.2 can decrease the incident solar radiation on 
(E-W) street by about 43.10%. 
The largest buildings heights ratio with H2/H1 
= 3.2, achieves the best thermal behavior in the 
hot days due to its high degree of protection 
from the sun rays. In contrast, the lowest 
buildings heights ratio, with H2/H1 = 0.2, 
achieves the highest amount of solar ration, 
when it is desirable, in the cold days of winter. 
In the same time, it is the most exposed to di-
rect solar radiation in the summer hot days, 
when providing shading is highly advanta-
geous. Generally, asymmetry in (E-W) street is 
the most efficiently because it can reduce un-
desirable radiation and provide more shade at 
the street level  in summer as well as promote 
solar access in winter.  
Figure 4: Incident solar radiation on (N-S) and 
(E-W) streets as a result of canyon asymmetry, 
(A) in summer; (B) in winter by ECOTECT. 
 
VI. THE SECOND CASE: 
Effect of Canyon Asymmetry on the Thermal 
Performance of Buildings. 
A    The Study Parameters    
The thermal performance of the central build-
ing (1) in the examined segment of the street 
was investigated taking into consideration var-
ious heights of the opposite building (2) of 
asymmetrical urban canyons. The examined 
buildings (1) were assumed to have 5 stories, 
in addition to the ground level, with a constant 
height of 20m. Building (2) height equal to 
(The examined building height + 1 floor), + 2 
floors, + 3 floors, + 4 floors and + 5 floors, i.e. 
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H2>H1, see figure (5). The percentage of win-
dows to wall area was taken to be 10%, and 
the setback between adjacent buildings are 4m. 
These configurations represents the most 
common case of multi-story buildings in Gaza, 
Muhaisen & Dabboor [16]. The simulation 
results were expressed in terms of the heating 
and cooling energy (in KWH/m³) required to 
achieve comfort. 
 
Figure 5: Building (2) heights simulated in the study  
B    Results 
Figure (6), shows that the cooling energy de-
creases in the floors of building facing west in 
(N-S) street as the height of building (2) in-
creases, in comparison to the cooling loads in 
the floors of building overlooking symmetric 
street, due to the increasing of shading poten-
tial. For more details, building (2) height 
equals to H1+1floor (3.3m) can decrease the 
cooling loads in the summer by about 1.36%, 
1.90%, 1.31%, 1.23%, 2.95% and 1.25%  in 
the fifth floor, fourth floor, third floor, second 
floor, first floor and ground floor respectively, 
whereas building (2) height equals to 
H1+3floor can decrease cooling loads by about 
15.08%, 11.75%, 9.44%, 6.65%, 7.89% and 
8.79% in the successive floors. While building 
(2) height equals to H1+5floor can decrease 
the cooling loads by about 21.2%, 15.96%, 
13.76%, 12.20%, 10.37% and 9.41% in vari-
ous floors types. It is worthy of note that, there 
are some areas of the building (especially the 
roof) remains exposed during some parts of the 
day in spite of the height  of the opposite 
building. This is attributable to the sun altitude 
of the study area where the sun’s height reach-
es 82° in the summer, making the higher build-
ing partially effective in shading the studied 
building from the sun rays impinging laterally.  
In contrast, the heating loads in the examined 
building floors increases with the increase of 
building (2) height as a result of blocking the 
sun’s rays by the higher building. For more 
clarity, building (2) height equals to H1+1floor 
can increase the heating loads in (N-S) orient-
ed street axis in the winter period by about 
0.90%, 0.82%, 1.20%, 1.03%, 1.17% and 
0.35%  in the correspondent buildings floors 
respectively, whereas building (2) height 
equals to H1+3floor can increase heating loads 
by about 7.20%, 5.37%, 4.77%, 2.91%, 1.63% 
and 0.68% in various floors types. While 
building (2) height equals to H1+5floor can 
increase the heating loads by about 11.61%, 
8.12%, 6.48%, 3.25%, 1.94% and 0.88% in the 
successive floors. 
 
Figure 6: Effect of canyon asymmetry on the required 
energy in the building facing west in (N-S) street, (A) 
Cooling energy; (B) Heating energy, by IDA. 
 
Figure (7), shows the effect of canyon asym-
metry on the total required heating and cooling 
energy throughout the year. It is clear that the 
trend of the total energy in the successive 
floors is the same as that of the cooling energy, 
explained in Figure 6. This is referred to the 
significant effect of the opposite building's 
height on blocking the solar radiation received 
in summer, and consequently reducing the 
required cooling energy, when compared to its 
relatively small effect on reducing solar radia-
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tion in winter, which results in increasing the 
need for heating. Increasing the height of the 
opposite building of the examined building 
from 1floor to 5floor decreases the total energy 
by about 8.4%, 7.5% and 5% in the fifth floor, 
third floor and ground floor respectively in 
examined building. The results indicate that 
the higher the opposite building is, the more 
preferable option will be to reduce the total 
energy required throughout the year. 
 Figure 7: Total energy required to achieve comfort in 
the building facing west in (N-S) street, by IDA. 
 
Figure (8), shows that changing the street ori-
entation from N-S to E-W, decreases the re-
quired cooling load of the building. This is 
attributed to the efficiency of blocking the 
intense solar radiation falling on the southern 
facades by the higher building. The required 
cooling energy by the building facing North in 
E-W orientation was decreased in the summer 
period by about 1.01%, 2.13%, 0.92%, 0.93%, 
2.60% and 3.25%  in the fifth floor, fourth 
floor, third floor, second floor, first floor and 
ground floor respectively in the case of build-
ing (2) height equals to H1+1floor. By about 
20.84%, 12.13%, 12.44%, 11.54%, 8.99% and 
9.71% in the successive floors in the case of 
building (2) height equals to H1+3floor. And 
by about 36.41%, 28.35%, 21.80%, 17.26%, 
14.69% and 13.14%  in the successive floors 
in the case of building (2) height equals to 
H1+5floor.  
It is noticed that the asymmetry in (E-W) street 
play the major role in mitigating the thermal 
stress in the upper floors. Hence, it is possible 
to minimize the high uncomfortable conditions 
of the upper floors overlooking (E-W) street 
orientation by increasing the southern building 
height to get a large amount of shading on the 
studied building roof. However, the opposite 
occurs in winter, the heating loads in the ex-
amined floors increase with the increase of the 
opposite building height. Also, In winter, the 
orientation the street's axis does not seem to 
have a tangible effect on the required heating 
energy. This comparison reveals that asym-
metry strategy in (E-W) street is the most pref-
erable throughout the year, since it requires the 
minimum amount of energy to provide thermal 
comfort. 
Figure 8: Effect of canyon asymmetry on the required 
energy in the building facing north in (E-W) street, 
(A) Cooling energy; (B) Heating energy, by IDA. 
  
VII. CONCLUSION 
The study discussed the impact of canyon 
asymmetry on the incident solar radiation and 
thermal performance of buildings. It was con-
cluded that the buildings heights ratios 
(H2/H1) affects considerably the indoor ther-
mal conditions. The study indicated that in-
creasing the buildings heights ratios of a (E-
W) street from 1.0 to 3.2 results in a reduction 
up to 55.02% in the solar radiation received on 
the building facades due to the effectiveness of 
shading. Building heights ratio (H2/H1) ranges 
from 1.2 to 2.0 is recommended to achieve a 
reasonable solar exposure on the street ground 
and façades of the overlooking buildings in 
summer and winter. This shading strategy is 
highly advantageous because it minimise the 
effect of undesirable intense solar radiation in 
summer in outdoor spaces of the street. 
It was found that canyon asymmetry with ma-
nipulation of the building heights along E-W 
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direction is recommended to ensure maximum 
protection of the buildings' facades from the 
sun rays in summer, and maximum exposure 
in winter. The higher the buildings heights 
ratios is, i.e. the opposite building is higher 
than the examined building is, the less energy 
will be required by overlooking buildings to 
achieve thermal comfort throughout the year. 
However, low ratios are, i.e. the opposite 
building is lower than the examined building 
is, advisable to receive desirable solar radia-
tion in winter. 
 
The consumed energy in the summer by the 
upper floor of the examined building is lower 
by 9.5%% and 29.5% than that required by the 
upper floor of building overlooking symmet-
rical canyon in (N-S) and (E-W) street respec-
tively. This was attributed to the effect of 
shading by the opposite buildings which de-
crease the roof area exposed to intense solar 
radiation. South facing building on E-W ori-
ented asymmetry canyon with 
(H2=H1+5floor) will be the most recommend-
ed to achieve indoor thermal comfort with 
minimum use of energy during the year. 
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